Theoretical model of spreading experiments
We recall the theoretical model used to study the dynamics of spreading of cell aggregates. 1 An aggregate deposited on a solid substrate spreads with the formation of a precursor film.
The spreading dynamics results from the balance of driving forces due to motile cells at the periphery 2,3 of the film and friction forces associated with two types of flow: (i) the permeation corresponding to the entry of cells from the aggregates into the film and (ii) the slippage as the film expands. The dissipation due to the permeation and the sliding film can be written as
where RR ሶ /R େ is the velocity at the contact radius R c , ξ the width, R C ξ 2 the volume of dissipation, and assuming mass conservation (the velocity at distance r from the center of the aggregate) is given by
. When we compare the two terms of Equation (1), we conclude that the spreading is limited by the permeation and not by the slippage on the substrate if η / R c > k ln(R / R C ). This is the case of cell aggregates where the bulk viscosity η is much higher than the sliding viscosity η 0 . [18] The balance between the friction force F v deduced from Equation (1)
and the driving force S, describing the competition between active cell forces pushing the cell to spread on the substrate and cell-cell adhesion preventing the spreading, leads to:
where V* = S / η is the typical spreading velocity. The law of spreading is diffusive with a diffusion coefficient D = V*R C proportional to the radius of the aggregate and to the velocity V* (for convenience, during analysis, R C can be approximated by the initial radius of aggregates R 0 ). As shown in 4 for the spreading on stripes, the sliding friction leads to a Carbo20, Φ = 2.6 × 10 -5 , (C) Carbo200 nm, Φ = 6.8 × 10 -6 , (D) Amine200 nm, Φ = 6.8× 10 -6 , and (E) Carbo1000 nm, Φ = 1.3 × 10 -5 . α-tubulin is visible in blue (cells are stained with Alexa 405) and the particles are in magenta.
Table S1. Correspondence between volume fractions Φ and volume fractions F of cells and
NPs initially mixed for the formation hybrid aggregates.
Sample
Volume fraction Φ Volume fraction F Carbo20 6.8 × 10 -6 6.8 × 10 -3 6.8 × 10 -5 6.4 × 10 -2 6.8 × 10 -4 0.40 3.4 × 10 -3 0.77 6.8 × 10 -3 0.87 Carbo200 1.8 × 10 -6 4.0 × 10 -3 1.8 × 10 -5 3.8 × 10 -2 1.8 × 10 -4 0.28 9.0 × 10 -4 0.67 1.8 × 10 -3 0.80 Carbo1000 4.2 × 10 -6 6.5 × 10 -3 4.2 × 10 -5 6.1 × 10 -2 4.2 × 10 -4 0.40 2.1 × 10 -3 0.77 4.2 × 10 -3 0.87 Amine200 1.8 × 10 -8 4.0 × 10 -5 1.8 × 10 -6 4.0 × 10 -3 1.8 × 10 -5 3.8 × 10 -2 1.8 × 10 -4 0.28 1.8 × 10 -3 0.80
